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Analysis of bacterial community in radiation polluted soils by
high-throughput sequencing
ZHANG Zhi-Dong'?* GU Mei-Ying' WANG Wei' ZHU Jing' TANG Qi-Yong'
SONG Su-Qin' XIE Yu-Qing' ZHANG Li-Juan'

(1. Xinjiang Laboratory of Special Environmental Microbiology, Urumgqi, Xinjiang 830091, China)
(2. Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Urumgqi, Xinjiang 830091, China)

Abstract: [Objective] To fully demonstrate the bacterial diversity in radiation polluted soils from the
Northwestern China, and investigate effects of radiation pollution on the bacterial community.
[Methods] Composition and structure of bacterial communities in soils from the control of no radiation
pollution and the radiation contaminated in different levels was analyzed based on high-throughput
sequencing of the V3 region of the 16S rRNA gene. [Results] A total of 110 348 effective sequences
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and 17 604 OTUs were obtained, which were classified into 726 genera from 19 phyla and others
including 6 candidate phyla and the unclassified in bacteria domain. The result of diversity analysis
showed that the radiation pollution resulted in significant change in bacterial community in soils, and
led to the improvement of bacterial diversity and richness. The analysis of bacterial composition
indicated percent rates of bacteria from phylum Proteobacteria decreased significantly under the
radiation stress, while the Actinobacteria increased gradually with the improvement in radiation levels.
The proportion of the unclassified, Firmicutes and Acidobacteria rise obviously. Additionally, lots of
unclassified genera exist in radiation pollution soils. [Conclusion] It proved extremely rich bacterial
diversity in radiation contaminated area and a lot of novel microbial resources which need to further

discover.
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Uclust it A< (Uclust v1.1.579) %F BT A ££ i 19 4235
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Table 1 Sequence data statistics of soil samples in different radiation pollution degree

REShS S S5l Fr 314 JEAE PB4 LL G2l OTUs $f
Samples Raw number Clean number Effective number OTUs number
H 44 334 39419 29 626 7299
M 42 088 37 863 30 386 7354
L 25732 23 545 19 593 5969
CK 40 630 36 063 30 743 4714
Total 152 784 136 890 110 348 17 604
8.000r H 2.2 EHESAE BRI
7000 DL RE A B OTUSs BCRHE R, %45
6 000|- - REL P BRI IE AT 00T, I BRI 2).
5000 I 2 thryEdE, AR R AT, A
3 4 000l K 514 4~ OTUs #HBLAE 4 AMRES:, (54 OTUs #
me_ 2.92%, UEBHARGTIS PR XX 514 4~ OTUs %
PIRE DR AN o RS R STS Yo Fe A
20001 SREDES . oh L R TS Y RE S R BB CK 4
1000} A& OTUs 435124 3 030, 2090 F1 737 4>, 23515
0 : : ' : : : WPIAHSE OTUs 1Y 25.22% . 17.32%7%1 6.90%, HIZ&
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Figure 1 Rarefaction curves for samples in different
radiation pollution degree
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Figure 2 The similarity analysis of bacterial communities
in different samples
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R 2 &BHEiE Alpha ZREMSEITR

Table 2 Alpha diversity in different samples

e S OTUs ikt EEs FARAEEL Chaol 54k
Sample ID OTUs numbers Coverage Shannon index Chaol index
CK 4714 0.919 006 5.789 187 8438.525 2

L 5969 0.832 746 7.869 997 11 226.322 0
7354 0.877 279 7.922 097 13 032.804 0

H 7299 0.871 498 7.859 802 13261.733 0

1, Erf Unifrac metric {EAE 0—1 Z[8], {E#/)NEH
FEASTAIFAL RS B G . BEARBE BTG . BEARIRIE . B
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3 HAREEEMNERLE

Figure 3 Weighted distance between samples
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Figure 4 PCA results of soil microbial communities from
samples
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[F] 6 S 75 4 B () G A 0 s 2 A A I 1
25, (HWAETEE —E MRENE, ZIBFFRETT . ik
LW, WA, RAGEHE . JERERET TRRRAT
I EEERRE, B O BREE R (CK) L AREE S
PURESR(L) . HAR TS G il (M) R s R SR G
HIH) 96.05% . 82.16% . 92.28%F1 93.30%., i—
AR R, FERRGTS YL an T R S Y X A R
ASTEAT RT3 A0 LU M) 5 2 T 5 Bt i T e A
AT, R RT o L R s AR

100 [
i _— -
90 ¢ e - - Verrucomicrobia
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Figure 5 Frequence of phylum in microbial communities
from samples
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HORFIRE AR, X —&52R S HRTC 0 B ARAS r
JRANAFAEE R 225, SE— DRI AR5 YL X AF
TER A THZI R E TR
3 S5t

ST RS R AR A A A i 0, (EAR
SHERIXBOF AR AR X 20 HEAD 60 4RAR, X3
[ 2RI 37 (Nevada test site, NTS)HJ& T fi
HWIWTSE, Ir BRI ASRTE IR 500 bk, AT
41 AT E R EAMEE A A ARAE
DAL, R TR 25K A D AR L i = o 30 DX T
PEAT RGE A, © A [R5 53 B2 b 500 2 2
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Table 3 Major genera in microbial communities from samples

e
N;ﬁmfer &% B R4 ol B4 il &4 Kol
Genus name Ratio (%) Genus name Ratio (%) Genus name Ratio (%) Genus name Ratio (%)
1 Acinetobacter 50.18 Unclassified 24.79 Unclassified 11.78 Unclassified 14.51
2 Unclassified 5.69 Gp4 5.34 Kocuria 10.55 Devosia 3.54
3 Salinimicrobium 4.30 Gemmatimonas 5.05 Salinimicrobium 6.08 Halomonas 3.32
4 Arthrobacter 2.73 Sphingomonas 3.84 Arthrobacter 4.88 Bacillus 2.73
5 Kocuria 2.72 Microvirga 3.43 Planomicrobium 3.31 Microvirga 2.53
6 Devosia 1.96 Tepidamorphus 3.17 Devosia 2.69 Jeotgalibacillus 2.48
7 Bacillus 1.11 Aciditerrimonas 2.60 Microvirga 2.65 Salinimicrobium 2.34
8 Microvirga 1.05 Bacillus 2.25 Blastococcus 2.50 Rhizobium 2.18
9 Adhaeribacter 1.04 Spartobacteria 2.01 Adhaeribacter 2.41 Gracilimonas 2.04
10 Planomicrobium 0.97 Planctomyces 1.88 Pontibacter 2.18 Arthrobacter 2.01

b R TRVERE SR AR AR L

Paecilomyceslilacinus Fl Chaetomiumaureum 213
7o 79 B 5 (3.7x10%-3.7x10° Ba/kg) B H 4

Acremoniumstrictum F Arthriniumphaeospermum J&
Hh ) B A (3.7x10°-3.7x10° Barkg) A A 34T

Myrotheciumroridum 1 Metarhiziumanisopliae J&{I%
F AR AH(<3.7x10° Ba/kg)MILHA B, R kIR T
A LME AR R AR SRR R R D ARk, sEat
X TS PERL R IR S B TS R, S IR
RS IREE NAATER K ARSI Y, HoAMY
W TSI, ST TR E SR T
gL R, ARl LR PR R R B
H Rk Kineococcus radiotolerans®™ |, Deinococcus
xibeiensis I

wulumugiensis .  Deinococcus

Streptomyces radiopugnans 55 BAG Wom RS 2P,
UM RS G XAF A F 5 AR U Bt

TR VG b S DX I bt A i i 80 ) T 5 R R
B, AR S A AR A ™ H 0 TSR A i S
Yy, WAL T IREM—TC T AR AR R
Al AT &5 i AR C IR, iZIX
BUATER F BRI Z R, I 2B R R A

WA, B, PR C M XSRS 2RMEY)
Ik 2 000 bk, HhZEUEY R AR R
MRS, T e ARG SERY, Btk
KA TR R AR, P w76
J& 273 N, Bacillus J& w9 EERHE, 4 31.31%,
IR Hy Streptomyces (9.22%), HAx 5 284350 R
Pseudomonas (3.64%) . Gracilibacillus (3.88%) .

Microbacterium (3.64%) . Micrococcus (3.27%) .

Halobacillus (3.64%); ¥ BRI 20 & 50 4%
Filt o BTSSRI AT 85 35 7 N AT AR TR 43 B 45
RFT, BEE S YRR IR, BRI
REE TR, KB HIN 552%. 21.2%,
12.6%F1 10%. FRARAG RIS SRRER T, 2k
T VRV IS BT VRHBUF BT, o JBERERRT ] i 25 %)
P, BB 66.7%, HAEAK R GHE Y fe i
FEA A A GERE, BT LB R T 50%. Tk
WL AT 1o B ET i L B e S AR B e
TN o [RIE A B, AN [ e S DX S i) ol A
MRS R AR R 22 5 . —BOkRUL, TS5 YR
B A R, R AR S R A P BT o L A
B [FIN, R AR R R
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SRR, A LT R SRR AR DG o R Biolog
Eco ™ HARM AT YA E S . b RIS AR
TC 5 Yl Xof B XS it v AR 93 A AR R 1Y)
W R, ARG YRR B T G P iR
255 10 2 (P<0.05) Pl FR S YRR B B3R, T
AEYIEPEZ BRI, R ITRR EERG , RIE R
Y1) F2 R R IR B2 2 e R TR IS R &
Y5, HFRIAEE XIS e T TR A
AEEE LIRS A T

AWFFEEIANE 16S RNA KL V3 A28 X 5
5, FIF MiSeq mil = IF g, XHARH X b
| ARER TS YRR R DL R TE TS Ykt BR AR i A
(AN AT T A B R AL AR o, i3k
5 110 348 ZAG%UF41, 17 604 4~ OTUs,, it ZHE
PEOTHT R IR, FEAHTE e i T HARE S A i
TR0 25, REIA 4R i R A P R
FETE R ZFEE R E D AR, X —45R S
IWHIFSEAES, AT SARSH S R mfS , An]
BE S oA T REE LAARAS A . AT BB, fRahs
YeIX eI AR IR 19 ASTTR 6 MIEAET]
AR T G 726 D& L Sun 2P 54
AR LD ZH P AEAE 16S rRNA RERZ# 01, HAF
e 3 R AL P3RS B, T AS ) AT A8 X o 2 oK AN
[, M A] 3 LT 16S rRNA JE R e iy 214
FE IR RIS Ol — )™ B Al BRI 123.7%.
MASHFFEIE AN 16S tRNA JEH V3 A28 X AE
3% 50 FAUAT R 5.2% MR E AL, IERHAHTE
BN R W WY/ L B VR Briveviog =il 1 A o =
FAF R, WA HR I T Vs X E Y R R
A TE RPN R A IR RRIE b K
B, SREHE YA, SRS Y R S R AR TR AT B
1A e 2 N R Bl R S R R R
TR T T o L) i i, R . JEEREDAT ]
AT PR T A B 4 o, PTRB S A OCTE T TP
SR A2 P R T o LA G, X — 2R ST A
BRI S AR — 2, W B — AT A b &
M, fEm. L AR, RAREE Y AR

an ) EE A, AE S AERE 14.51%.
11.78%71 24.79% , F7=FXF BEE L9 5.69%, Rl
JEARIS YRS, TR 4.36 1% R XM HR T TAE
DR = Sy v T RN 070 R Gl ot e b S 1 a3 3
e X RERE A, SRR TS YL XA AR K AR )
AR, AR R,

5 % X
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